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AN EXPLORATION OF THE LONGITUDINAL TENSILE AND =~
COMPRESSIVE PROPERTIES THROUGHOUT AN
EXTRUDED SHAPE OF 24&-T ALUMINUM ALLOY

By D. A. Paul
SUMMARY

Tensile and compressive properties were investigated
of specimens cut from an extruded shape of 245-T aluminum
alloy. The tensile strengths, tensile yield strengths,
elongations, and compresgive yield strengths of both the
unrecrystallized and the recrystallized portions were de~-
termined. The strength of a cross section of an extruded
ghape ig the weighted average of thhe gtrengths of the un-
recrystallized and the recrystallized areas. The strength
of an extruded shape varies along the length of the ex—
trusion. S

ik

INTRODUCTION - - -

The thicker extruded shapes of 248-T aluminum alloy
are usually composed of an inner unrecrystallized portion
in which there is a high degree of preferred orientation
and an outer portion in which coarse graing have formed
as a result of the greater equivalent cold weork during ex—
trusion and recrystallization during solution heat treat-
ment. At the present time there is no practical method
for producing shapes that consist either entirely of re- - P
crystallized or entirely of unrecrystallized metal. The
proportions of these areas vary along the length of such L
an extrusion: the recrystallized area ig larger at the
vack end than along the remainder of the length. Because
of the high degree of preferred orientation in the unre-
crystallized part, this part exhibits higher longitudinal
strength than the recrystallized part. The over-all
strength of an extruded shape is, therefore, governed to
- gome extent by the proportional amounts of each kind of
structure of which the cross section is composed Since
the proportions vary along the length, the over-all
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strength of the cross section also varies along the length:
thig over-all strength is greatzst at the front end and
leagt at the back end of the extrusion.- '

Although some data are available on the variations in
properties throughout extruded shapes, there is little ev-
idence as to how these properties vary along the length of
the extruded shape or how the over-all strength of a shape
is affected by the different—areas and propertiles of the
recrystallized and unrecrystallized portions. In order tvow
obtain some specific data on thig gquegtion, the plant se-
lected an extruded shape in which the recrystallized and
unrecrystallized portions were sufficiently extensive %o
permit test specimens to be cut entirely from each differ-
ent portion. The vroperties of this extrusion were deter-
mined at a number of different secticons.

The object of this investigation was to determine the
tensile and compressive properties at various locations 1in
a 248-T extruded shape. In addition to tests of specimens
representing localized areass in the shape, for comparigon
tensile tests were made of specimens representing practi~
cally the full cross section of the shave.

SPECIMENS AND TESTS

In order to obtain recrystalligzed areag large enough
for the investigation, an extrusion having larger than
normal recrystallized arecas was selected. The viece se-
lected was a 36-foot length of g mediuvm-gize 248-T shape
(die K-27043), The cross section of this shape is shown
in figure 1, The cross section consisted of a2 main rectan-
gular portion approximately 1 inch by 25y incheg with three
fing, or extensions, the thinnmest of which was 5= inch
thick and preojected approximately 1% incheg from the main
portion. The entire gection could be inscribed in a cir-
cle of 41-inch diameter. This piece had a recrystallized
coarse-grain portion comprising about 85 percent of the
cross-sectional area 2 feet from the back end and about 50

percent of the cross-sectional area 5 feet from the back end.

Transverse sections were first cut from different lo-
cations in the extrusion. These sectlions were etched and
photographed. The etched sections were used as a guide for
choosing the locations for cutting the specimens in the
cagses where they were to be composed entirely of either the



L

NACA Technical Note ¥No. 877 3

unrecrystallized or the recrystallized structure.- The
test specimens were, in all cases, cut longitudinally from
the extrusion adjecent to an etched section. o

The locations at which the sectionsg for etching and
the test specimens were cut from the extrusion are shown
in figure 2. Round threaded—-end tensile specimens with a
reduced section  inch in diameter were cut from the ex-
trusion at locations 3R6, 3R, and 7R. These locations
were, respectively, approximately 4 feet from the front
end, 5% feet from the back end, and 2% feet from the back
end. As indicated by the sketch, two speclmens were taken
at each of these three locations, one from the central por-
tion and the other from the outer portion of ths heavy part
of the extrusion.

One round specimen with a reduced section 2 inch in
diameter was cut from the extrusion at location 7R &and wasg
tested by the plant laboratory.

In addition to the round specimensg two rectangular
plate-type tensile specimens, repregenting nractically the
full cross~sectional area .of the heavy portion of the ex-
trusion, were tegted. These specimens were 2 feet long’
and had a reduced section approximately'g by 2 by 8 inches.
One of these specimens was taken from location 1R approxi-
mately 2% feet from the front end; the other was taken
from location SR approximately 4 feet from the back end.

Tensile strength, yield strength, elongation, and re-
ducétion of area of the round specimens were determined.
They were tested in one of the 20,000-pound~capacity Amsler
machines. A.Templin electrical extensometer was used for
determination of yield strength. : o

Tengile strength, yield strength, and elongation of ~
the plate-type specimensg were determined. They were tested
in the 300,000~-pound-capacity Amsler machine. Strains were

meagured with Huggenberger tensometers and the yield strengthe

woere determined from stress-straein curveés.

Compressiveryield-strength values were determined on
two specimens cut longitudinally from the extrusion at loca-

“tion 9R." These specimensg were 3 by z-by 27 inches and were

tested with the Montgomery-Templin epparatus designed for

gingle-thickness compressive tests of thin flat sheet. Spec-

imen 9RC.was cut from the central unrecrystallized portion
and.specimen 9RO from the outer recrystsllized portion.
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Stress-strein tests were .made of these apeclimens by usge
of Huggenberger tensometers and an Amsler 20 OOO-pound—
capacity testing machine.

RESULTS AND DISCUSSION

Photographs of the etched transverse sections of the
extrusion are shown in figure 1. These photographs 1llus-
trate how the relative amounts of the recrystalliged and
unrecrystallized areas vary along the length of the extru-
sion. At section 8R, approximately 2 feet from the back
end, the unrecrystallized portion  is only about 15 percent
of the whole cross—~sectional area of the shape. At sec-
tion 3R1l, approximately 5% feet from the back end, the un-
recrystallized portion-is about 50 percent of. the wholse
cross—sectional area. At gwection 2R, approximaltely 3% fecet
from the front end, the entire cross section except for a
coarse~graln outer skin is unrecrystallized.

Table I ig 2 summary of the test results. Stregs-
gtrain curves are given in figure & for the plate-type ten-
sile specimens 1R and:5R and in figure 4 for the conlpressive
specimens 9RC and QRO.

Several of the ten31¢e specimens were cut from the un-
recrystsllized structure:; .These -specimensg had an.average
tensile strength of about 80,000 pounds per sguare inch and
btengile yield ‘gtrengths of 58,000 %o 66,000 vounds per
square inch: .The tensile strength of the unrecrystallized
portion. did no%- appear to vary along the lgngth of-the ex-
trusion, but--the lowest yield-strength values were obtained
at the front end and the highest #t the back end. The elon-
gation of the unrecrystallized portion, measured over a gage
length equal to four.timesg the dlameter of the snecimen, was
.about 14. 5 percent, : - .

SPecimen.7R0 was the only specimen tested in tenslon
that wag entirely ef the coarse-graln recrystallized giruc-
ture. The tenglile strength, the tersile yield strength,
and the elongation -of:-this vortion,..ag indicated by the re~

- gults obtained from this specimen, were about $4,000: vounds
per squeare inch, 149, OOO pounds per square inch, an@_l? per-
cent, respectlvely

The compresslve yleld strengths of the unrecrystallilod
and. recrystallized areas at location 9R were 56,000 and
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42,200 pounds per square inch, respectively. Thig differ-
ence ig about the same as that noted in the tensile yield
strengths, but the actual yield strengthg in compression
are somewhat less than those in tension. - The differences
in tensile and compressive yield strengths are caused by
the fabrication process used in straightening the gection.

Specimens 3RO and 5R wers composed partly of the un-

recrystallized and partly of the recrystallized structures._

and their tengile strengths and yield strengths were be-
tween those obtained from specimens made up entirely of
either gtructure. Specimen 7R, composed of both structures
and tested at the plant laboratory, also gave values of
tenslle strength and of yield strength between those of

the unrecrystallized and recrystallized areas.

When the tensile properties of the uncrystallized and
the recrystallized portions and the percentage composition
of a sectlon are known, the tensile gtrength and the yield
strength of the shape as & whole can be computed with a
fair degree of accuracy. For example, at the center of
specimen 5R, about 56 percent of the cross section of the

reduced portion was recrystallized and about 44 percent was
unrecrystallized. From the properties of specimens 7RO and

7RC, which were, respectively, composed entirely of the re-
crystallized and unrecrystallized structures, the following
values of tensile strength and yield strength may be calcu-
lated for specimen 5R:

Tensile gtrength Yield strength
(1b/sq in.) (1b/sq in.)
Calculated '
56 percent of 63,880 = 35,800 656 percent of 49,400 = 27,700
44 percent of 81,200 = 35,700 44 percent of 86,100 = 28,100
71,500 ' ' 56,800
Actual
69,750 56,000

This procedure can probably be used for any 24S-T ex-
trusion having an internal structure similar to that of
the shape tested in this investigation. The foregoing cal-
culations show that, under direct stress, the strength of
the full ssction is not governed by the weaker portion but

ie the weighted average of the strengths of the recrystal——_

lized and the unrecrystallized areas.
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Based on the use of weighted ‘averages, ths over-all - r
tensile dnd yield strengths of the extruded shapes have
been calculated at five different sections along the length.
In obtaining these tensile strengths, the entire cross-
sectional area of the extruded shape, including the three
projecting webs, wag congidered. The regulting values are
given in table II. These data show that the ovér-all iten-
sile and tensile yield strengths of the extruded shape at
the back end are 83 and 89 percent, respectively, of the
corresponding values at the front end. The data further
gshow that both the tengile and the tensile yield strengths
increase rather rapidly with the distance from the back
end, and it appearsg probable that the weakening effect of
the recrystallized portion disapvears withln the first 6
to 10 feet at the back end. While the date in table II
are not -extensive enough to define the complete variation
in strength along the length of the shape, it seems clear
that this variation is not linear along the length bdbut
that the strength is greater throughout most of the length
than would be indicated by linear interpolation betwseen
the strengths of the two ends.

CONCLUSIONS

From thé results obtained in this investigation, the
following conclusions may be drawn regarding the effect
of the variation of the structure in the given 245-T ex-
trugion upon the tensile properties and compressive yield
strength in the longitudinal direction:

1. The tensile strength of the unrecrystallized por-
tion, at either end of the extrusion, was about 80,000
pounds per sguare inch. The tsnsile yield strength of
this portion was about 66,000 pounds per gguare inch at
the back end of the extrusion and about 58,000 pounds per
square inch at the front end. The elongation of the unre-
erystallized portion, meagured over a gage length egual
to four timee the diameter of the speclimen, averaged about
l4.5 percent.

2. The tensile strength, the tensile yield strength,
and the elongation of the recrystallized coarse-grain por- ‘
tion were approximately 64,000 pounds per square inch, ' ’
49,000 pounds per square inch, and 17 percent, respectively.

3. The compressive yield strengths of the unrecrys-
tallized and recrystallized portions at the back end of
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the extrusion were 56,000 and 42,200 pounds per square
inch, respectively. A e

4. The strength of a cross section of an extruded
shape is not governed by the strength of the weaker por-
tion but is the weighted average of the strengths of the
unrecrystallized and recrystallized areas. Specimeng com-
posed partly of the unrecrystallized and vartly of the re-
crystallized structures have tensile strengths and yileld
strengthg between those of specimens compdsed entirely of
either. The actual gtrength value depends upon the pro-
portional amounts of each structure of which the cross-
sectional area of the specimen is composed.

5. The gtrength of an extruded shape does not vary
linearly along the length but is greater throughout most
of the length than would be indicated by linear interpo-
lation between the strengths of the two ends. ~

Aluminum Research Laboratories,
Aluvuminum Company of America,
New Kensington, Psa., August 27, 1942.



TABLE I
SUMMARY OF TEST RESULTS

ssile Reduction Koapressive
Tenalle {rol?lét.h Etlonsﬂtlt;n . yleld
n srcent bf area atrength Graln
|Bpec~! Type | DPlmenslona Location atrength(Of£aeiat, 2 E : (ofrsetEO.e struoture
imen (approx. ) percent) | 40 | 2inJ Bin.[(percent) | percent) {a)
(1b/sq 1n.) (1b/eq 1n.)]:
1R | Platel g in, x 2 in. 212- £t from front end 79,500 | 58,600 [——P15.5[P13,9 U
5R60 { Round| 3 in, dlam, |4 £t from front end, cen- | 79,010 | 58,200 |14.7 ' 18,2 frmmmmm e '
8 tral portion .
SR50 RouM.Lg ia, ddam, |4 £t from front end, ocuter| 82,160 61,800 |12,0 14,5 |m—mcmmmeea] U .
portion
SA¢ | Round) g in. diam. 5% £t from baok end, cen- | 80,970 62,900 | 14,7 174 |————] U
irsl portlon
SRO 2 in, dlam, [S5% £t from back end, cuter| 76,360 58,400 P14,7] 15,8 |=—==—s=——nd Part U and
8 2 portion _ _ part R
5R | Platel I tn. x 2 in. {4 £t from back end 69,750| 56,000 F12,0 (P10, Pest U and
par
78 | Round g in, diam, ft from back end, cen- | 81,200 66,100 |14, 18,2 |——e—imeend] U
tral portion .
780 | Round g in. dlan, Tt fTom back end, ocuter| 63,880| 49,400 | 1T, 21,7 R
portlon )
Arn | Round k in, diam, f4 from baok end, part< 72,850 58,100 |13, Part U and
2 ’ 1y of central and ] part R
partly of ocutsr por-
tions :
9RO | Rec- % An, thick |2 £t from back end, cen- 56,000 v
tan- tral portion
9RO | Rec— t in, thick (2 £t from back end, cuter 42,200 R
tan~ portion

A LB 'ON 230N 1801UYIIL, VIVN

®As shown by etched adjacent sections; unrecryastallized, U; reoryetallized, R.
YEroke outside middle third. ’




[ Computod from date given in tablo I and arcas indicatod in figure 1]

TABLE II

© TENSILE STRENWGTES AND TENSILE YIELD STHENGTHS OF THE ENTIRE CGROSS SECTION

]
[U‘nrecrystallized area. (1n-!lRecrystallized. area (out-
ner part of cross section)ler part of cross section)

Entire cross section

Approx. R
distance [Approx. IApPI‘OI.
Section| fpom [percent! Yield | Tensile ! percenﬁ Yield | Tengile | Yield | Tensile
back end| of gtrength|strength l strength| strength [etrength|strength
total t-otal :
(£t) azen (1b/sq in.} I o (1b/sq in.) (1b/sq in.)

&R 2 15 | 66,100 | 1,200 | &5 |49,400 | 63,880 | 51,900 | 66,400
6R 3 18 £6,100 | 81,200 g2 ju9,ho0 { 63,880 | 52,400 | 66,900
] 5 Y2 62,900 | 80,970 5% | Lg,400 | 63,880 | 55,100 | 71,100
3R1 Ny 49 62,900 | &0,970 5L | lug,00 | 63,880 | 56,100 [ 72,300
2R 321 100 60,000 | 80,600 0 60,000 | 80,600

Te23uydey ¥OVH

'O 990N

L8
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(a) Section SR, approximately 2 feet
from back end.

-

(b) Section 6R, approximately 3 feet
from back end.

(¢) Section 4R, approximately 5 i‘eet
from back end.

(d) Section 3R1, approximately 5 1/2
feet from back end.

(e) Section 2R, approximately 3;feet
: from front end.

Figure 1. - Etched cross sections of extruded shape (die K=27043)
of 24S-T alumimm alloy.
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